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INTRODUCTION
The pathogenic bacterium Agrobacterium tumefaciens genetically transforms plant cells by introducing a defined segement of DNA (T-region) from the tumor-inducing (Ti) plasmid into the plant genome (for recent reviews see 1, 2) . Crown gall tumorigenesis results from the expression of T-DNA genes which encode enzymes for the production of the plant growth regulators auxin and cytokinin (3) (4) (5) . Other T-DNA genes determine the production of certain specific compounds called opines in tumor cells (6, 7) . The T-region does not encode functions for its transfer from the bacterium to the plant cell. In the Ti-plasmid the T-region is flanked by nearly indentical 2k bp direct repeats, which form the cis-acting signals necessary for transfer (8) (9) (10) . T-region transfer is mediated by products determined by virulence loci located elsewhere on the Ti-plasmid and on the Agrobacterium chromosome. The chromosomal virulence loci (chvA, chvB, att and pscA or exoC) specify the attachment of Agrobacterium to plant cells . The octopine Ti plasmid virulence (vir) region contains at least seven operons encoding trans-acting products (15) (16) (17) (18) (19) which are required for plant cell recognition and T-DNA transfer. The Vir-products which are absolutely essential are encoded by the virA, virB, vlrD and virG operons, while the products determined by virC, virE and virF are only necessary for tumor induction on certain plant species.
Plant phenolic compounds such as acetosyringone and ot-hydroxyacetosyrin -gone specifically activate expression of the Ti plasmid vlr-loci (20, 21) and trigger the T-DNA transfer process. Induction of vir-gene expression is regulated by proteins encoded by the virA and the virG locus (22, 23) . The
VirA protein is an inner-membrane protein which most likely functions as a sensory protein for plant-signal molecules (2M,25). The second regulatory component VirG is proposed to act as a positive regulatory protein which activates vlr-gene expression (23, 26) . The two remaining vir-loci essential for tumor induction are ^irB and virD. A recent study of the virD locus shows that at least two proteins (VirD1 and VirD2) of the virD operon are involved in T-DNA processing (27). Together, these VirD1 and VirD2 proteins can induce a nick at a specific site within the T-region border repeats, which is followed by the generation of a single stranded T-DNA molecule (T-strand) in Agrobacterium. T-strand molecules are thought to be the T-DNA intermediates that are transferred to the plant cells during tumor induction (27, 28). The other locus essential for tumor induction is vlrB and comprises the largest vlr-operon. However, to date no specific functions have been assigned to the vlrB locus. Recently, it was reported that three proteins encoded within the 5'-half of the vlrB locus are located in the cell envelope of acetosyringone induced Agrobacterium cells (29) . Interestingly, the envelope localization of these VirB proteins suggests that they might be involved in the transfer of T-DNA across the Agrobacterium membrane to the plant cells.
In this report, we studied the nucleotide sequence of the entire virB-operon of the octopine type plasmid pTi15955. The vlrB operon spans 
MATERIALS AND METHODS

Materials
Restriction endonucleases were purchased from either Promega Biotec or New England Biolabs and used according to suppliers recommendations. 14 polynuoleotide kinase was purchased from Pharmacia P.L. Biochemlcals.
( v^2p)ATP was purchased from New England Nuclear.
Strains and Plasmld Constructs
Agrobacterlum tumefaclens strain 15955 (LBA 8255) was grown at 29°C in minimal medium (30) or LC-medium. Escherlchia coll strain JM101 , used for propagation of plasmid constructs , was grown In LC-medlum . Plasmid isolation from Agrobacterlum tumefaclens was done according to Koekman et al. (31) , and from E.coli by the method of Blrnboim and Doly (32) .
Standard recombinant DNA procedures were according to Maniatis et al. (33) .
A number of subclones were used to sequence across the vlrB region (See Termination of virB transcription must occur within a region of 15 nucleotides (9599-9613) which is present between the last ORF (virB11) and the promoter region of the adjacent virG locus. At this 3'end of the virB operon there is no potential signal for factor-independent termination of virB transcription (19) . From sequence analysis it turns out that the octopine Tl loci virB and vlrG are organized on the octopine Ti plasmid very close to each other. It has been observed that vlrG transcription is constitutive, but also inducible by plant-exudate to a higher level (19) . ORFs we analyzed the distribution of hydrophobia and hydrophilic amino acid residues (see Fig. 3 ) using an algorithm developed by Kyte and Doolittle (5f). Possible signal sequences were analyzed using the method of Von Heyne (55) to predict potential cleavage sites for signal, peptidase.
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Interestingly, all VirB proteins except VirB3, VirB7, VirB10 and VirB11 contain at the N-terminus a putative signal peptide with a potential cleavage site as shown in Fig.  ' ). Features common to signal peptides precede the potential cleavage site in these VirB proteins, namely: a charged polar residue within the first 5 amino acids, a hydrophobic core sequence, and adjacent to the processing site a serine/alanine residue at position -3 while alanine is the most preferred residue at position -1. The proteins VirB3 and VirB7 lack a recognizable signal sequence although they are extremely hydrophobic (see Fig.3 ). Therefore, they are likely to be associated with the membrane of Agrobacterium as well.
A computer search using the Lipman and Pearson FASTP program (56) failed to reveal any sequence homology between the eleven VirB proteins Figure 4 . Putative signal sequences of VirB proteins. The signal peptide amino acid sequences were aligned from their potential cleavage site between residue -1 and residue +1. The scores (S-value) of the putative signal sequences were calculated using an algorithm of Von Heijne (55), and a window from -13 to +2.The predictive accurancy of this method is 75-80$ .
wide variety of nucleotide-binding proteins (see Table 3 ). Crystallographic analysis of adenylate kinase and several other enzymes has shown that the conserved sequence (GXXXXGK) reflects a special strand motif that forms the phosphate binding region (57, 58) . VirB6, VirB8 and VirB9. In addition, the hydropathy profiles of VirB3 and VirB7 predict that these extremely hydrophobic proteins are associated with the Agrobacterlum membrane, although they lack an obvious signal peptide.
It has been shown that three VirB products of approximate molecular weights 33,000 (B33), 80,000 (B80) and 25,000 (B25) fractionate with the cell envelope of acetosyringone Induced cells (29) . From the relative location of their coding regions within the _vi£B locus and the nucleotide sequence in this report we can conclude that B33, B80 and B25 correspond to VirBI 
